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ABSTRACT

In a metal oxide film formation method, a source gas
mixture of organic compound gases containing at least three
metals, and an oxidation gas are individually prepared.
While the substrate i1s heated, the oxidation gas i1s supplied
to a substrate set 1n a closed vessel at a predetermined
pressure, and then the gas mixture 1s supplied. A metal oxide
f1lm 1s formed on the substrate. A metal oxide film formation
apparatus 1s also disclosed.
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METAL OXIDE FILM FORMATION
METHOD AND APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to a metal oxide film for-
mation method and apparatus for forming a metal oxide film
made of (Ba,Sr)TiO; (barium strontium titanate; to be
referred to as BST hereinafter) or Pb(Zr, T1)O, (to be referred
to as PZT hereinafter) having high permittivity used for a
semiconductor memory device.

Along with rapid development of the semiconductor
integration technique, various components forming a semi-
conductor mtegrated device are being downsized, increased
in speed, and 1ntegrated at high degrees. For example, 1n the
field of semiconductor memory devices, demands arise for
larger capacity 1n addition to the above requirements.

For example, in a DRAM (Dynamic Random Access
Memory) as a representative of semiconductor memory
devices, a capacitor as one of main building components
must be downsized and increased in capacitance per unit
area.

A dielectric often used as the capacitor film of a DRAM
capacitor 1s generally a silicon oxide 1n terms of the semi-
conductor process. The silicon oxide has a permittivity of 10
or less and a capacitance of 4 fF/um” per unit area. The
silicon oxide used for a capacitor formation film cannot
obtain large capacitance per unit area.

Recently, BST and PZT having higher permittivity than
that of the silicon oxide receive a great deal of attention as
the materials of the capacitor formation {ilm so as to increase
the capacitance of the capacitor per unit area.

The DRAM structure will be described brietly.

FIG. 7 shows part of a DRAM memory cell formed on an
S1 substrate 701. This DRAM memory cell 1s constituted by
a transistor 702 and capacitor 710. The transistor 702
forming the memory cell 1s connected to the capacitor 710
via a plug 703 connected to a drain terminal. The plug 703
1s formed 1n a contact hole formed in an 1nterlevel mnsulating
film 704 made of an insulator such as silicon oxide, and 1s
made of polysilicon to which an impurity 1s doped to make
the plug 703 conductive.

The plug 703 1s connected to a storage node 705 serving
as one of the electrodes of the capacitor 710. The storage
node 705 connected to the plug 703 1s formed on the flat
interlevel nsulating film 704, and 1s formed from a film of
platinum, ruthenium oxide, or the like. The storage node 7035
1s connected to the plug 703 via a barrier film 703a of TiN
or the like.

A cell plate 707 1s formed on the mterlevel 1nsulating film
704 including the storage node 705 via a capacitor film 706.
The storage node 705, capacitor film 706, and cell plate 707
constitute the capacitor 710. An upper interlevel msulating
film 708 1s formed on the capacitor 710. Although not
shown, a word line and bit line respectively connected to the
gate and source terminal of the transistor 702 are formed on
the upper interlevel msulating film 708.

As described above, the dielectric capacitor film 1s formed
on the DRAM memory cell so as to cover the storage node
serving as one of the electrodes constituting the capacitor.

The first performance demanded for the capacitor film of
the capacitor 1s high permittivity. Examples of the material
having high permittivity are compounds containing Ba, Sr,
T1, Pb, Zn, B1, and Ta as constituent elements. The second
performance demanded for the capacitor film of the capaci-
tor 1s small leakage current.
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To manufacture a DRAM of 1 Gbits or more with high
integration degree, not only a capacitor film 1s formed from
a material of high permittivity, but also the capacitor 1s
three-dimensionally formed to increase the capacitor area.
To three-dimensionally form the capacitor, the storage node
must be three-dimensionally formed to form a capacitor film
uniform 1n film thickness, composition, and characteristics
on not only the flat portion but also side wall of the storage
node having the three-dimensional structure. Forming a
uniform film (capacitor film) on both the flat portion and side
wall of the three-dimensional structure requires a thin film
formation method excellent 1n coverage on a complicated
step shape.

An example of the thin film formation method excellent
in step coverage is chemical vapor deposition (CVD).
According to CVD, a compound material containing an
clement for forming a thin film must be carried as gas to a
substrate on which the thin film 1s to be formed. The most
preferable state of the CVD compound material 1s gas at
room temperature. With the use of a CVD compound
material which 1s gas at room temperature, the supply
amount of compound material to a substrate on which a thin
f1lm 1s to be formed 1s determined by only the flow rate of
the compound material gas, and thus supply of the com-
pound material can be controlled with high precision.
However, Ba, Sr, Ti, Pb, Zn, B1, and Ta compounds forming
high dielectrics or ferroelectrics cannot exist as gas at room
temperature. These compounds are liquids or solids at room
temperature.

Hence, in forming a material of high permittivity by
CVD, a raw material 1s supplied by bubbling. Strictly
speaking, a solid raw material 1s supplied by sublimation.

If a raw material 1s supplied by bubbling, the supply
amount can be more stably controlled and easily increased.
For this reason, a liquid raw material 1s more desirable than
a solid raw material. Supply of a raw material by bubbling
requires high vapor pressure such as a sufficiently high vapor
pressure at room temperature or less 1f possible, and a large
temperature difference between the evaporation temperature
and the thermal decomposition temperature.

However, Ba, Sr, 11, Pb, Zn, B1, and Ta compounds hardly
exhibit sufficiently high vapor pressure, and only generate
vapor upon heating to some extent. Most of these com-
pounds are organic metal compounds.

In terms of the presence of a liquid organic metal com-
pound usable for CVD, BST as a solid solution of bartum
titanate (BaTiO,: BT) and strontium titanate (SrTiO,: ST)

receives a great deal of attention as the above-mentioned
DRAM capacitor film which can be formed by CVD.

The BST 1s a high-dielectric having a permittivity of 200

or more, and satisfies the first performance demanded for the
DRAM capacitor film.

Barium, strontium, and titantum forming BST produce
organic compounds, and a BST thin film can be formed by
MOCVD (Metal Organic CVD). The thin film formation
method using CVD 1s thermal CVD of forming a metal or
compound film at a relatively low temperature (400 to 500°
C.) using as a raw material an organic metal compound
(MO) which is thermally unstable and readily decomposes.

The BST thin film can be formed by CVD capable of

attaining excellent step coverage, and satisfies the second
performance demanded for the DRAM capacitor film.

This BST film 1s generally formed by MOCVD by heating,

a substrate subjected to thin film formation, and supplying
an oxidation gas such as oxygen (0O,) together with Ba(thd),,
Sr(thd),, and Ti(O-iPr),(thd), vapors to the heated substrate.
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Note that Ba(thd),, Sr(thd),, and Ti(O-1Pr),(thd), are barium
source, strontium source, and titanium source.

Formation of a BST film by MOCVD includes two
methods, 1.€., a premix method of mixing source gases and
an oxidation gas 1in advance and supplying the gas mixture
to a heated substrate, and a postmix method of individually
supplying source gases and an oxidation gas to a heated
substrate. Of the two supply methods, the premix method 1s
more desirable because the source gases and oxidation gas
can be supplied at a predetermined mixing ratio, a film can
be formed even on a large-area substrate with a uniform
thickness and composition, and the film composition can be
casily controlled.

Since the premix method mixes an oxidation gas in
advance, each source gas and the oxidation gas readily react
with each other immediately before a source gas supply port
to readily produce various intermediates. Since intermedi-
ates are readily produced, unwanted products are generated
before the gas reaches the substrate. The unwanted products
enter a film growing on the substrate to degrade the film
quality.

To reduce oxygen defects in a BST {ilm, suppress mixture
of by-products 1n the film, and improve the film quality, the
partial pressure of the oxidation gas on the substrate surface
subjected to film formation 1s preferably set high. To
increase the partial pressure of the oxidation gas on the
substrate surface, the diameter of a gas supply port for
supplying a source gas to the substrate 1s set small, or the
oxygen flow rate 1s 1ncreased to increase the tlow speed of
gas supplied via the gas supply port so as to allow a larger
amount of oxidation gas to reach the substrate surface.

When a larger amount of oxidation gas 1s supplied by
decreasing the diameter of the gas supply port, the internal
pressure increases immediately before the gas supply port. A
gasiiying unit for gasifying an organic metal compound 1is
difficult to gasity the organic metal compound, and readily
clogs.

Since unwanted products generated by a mixture of an
oxidation gas and source gas readily coagulate at the end
portion of the small-diameter gas supply port, the end
portion of the gas supply port readily clogs with the
unwanted products. Moreover, the film quality of a formed
metal oxide film 1s poor owing to the above problem.

To the contrary, the postmix method does not mix an
oxidation gas and source gas, and 1s free from the above-
mentioned problem caused by unwanted products. However,
the postmix method 1s difficult to form a film having a
uniform film composition on a large-area substrate. This
problem for a large-area substrate becomes serious particu-
larly when a large amount of oxygen must be supplied for
f1lm formation. In addition, the postmix method of individu-
ally supplying an oxidation gas and source gas to a substrate
1s difficult to control the film composition. For example,
when a BST film 1s to be formed, oxygen as an oxidation gas
must be supplied at a flow rate of about 1 SLM. However,
if such a large amount of oxidation gas 1s supplied, a BST
film formed on an 8" substrate 1s nonuniform in film
thickness and film composition.

In formation of a BST film by MOCVD, Ti 1s hardly
contained 1n a film being formed, compared to Ba and Sr.
The content of T1 1in the formed film cannot reach a prede-
termined value, and a high-quality BST film 1s difficult to
form. The phenomenon that T1 1s hardly contained in a film
being formed poses a serious problem particularly when a
film 1s formed at a low temperature 1n order to reduce
thermal stress on the underlayer.
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4
SUMMARY OF THE INVENTION

It 1s, therefore, a principal object of the present invention
to provide a formation method and apparatus for a metal
oxide film excellent 1n uniformity and electrical character-
1stics.

According to an aspect of the present invention, there 1s
provided a metal oxide film formation method comprising
the steps of individually preparing a source gas mixture
essentially consisting of organic compound gases containing
at least three metals, and an oxidation gas, supplying the
oxidation gas to a substrate set 1n a closed vessel at a
predetermined pressure and then supplying the gas mixture
while the substrate 1s heated, and forming a metal oxide film
on the substrate.

According to another aspect of the present invention,
there 1s provided a metal oxide film formation method
comprising the steps of individually preparing a first source
gas mixture essentially consisting of organic compound
gases containing at least two metals, and a second source gas
mixture obtained by mixing in advance an organic com-
pound gas containing titanium and an oxidation gas, sup-
plymg the oxidation gas to a substrate set in a closed vessel
at a predetermined pressure and then supplying the gas
mixtures while the substrate 1s heated, and forming a metal
oxide film on the substrate.

According to still another aspect of the present invention,
there 1s provided a metal oxide film formation apparatus
comprising a {ilm formation chamber constituting a closed
vessel, evacuation means for evacuating an interior of the
f1lm formation chamber to a predetermined vacuum degree,
a substrate susceptor arranged in the film formation chamber
to place a substrate on a surface of which a metal oxide film
1s to be formed, heating means for heating the substrate set
on the substrate susceptor, first supply means for supplying
a source gas mixture essentially consisting of organic com-
pound gases containing at least three metals to the surface of
the substrate set on the substrate susceptor, and second
supply means for supplying an oxidation gas to the surface
of the substrate set on the substrate susceptor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view showing the basic structure of a metal
oxide film formation apparatus 1n the first embodiment for
explaining the present invention;

FIG. 2 1s a sectional view showing an example of a
shower head shown 1n FIG. 1;

FIG. 3 1s an enlarged sectional view showing a source
gasilying means shown 1 FIG. 1;

FIG. 4 1s a view showing the basic structure of a metal
oxide film formation apparatus in the second embodiment of
the present invention;

FIG. § 1s a view showing a metal oxide film formation
apparatus in the third embodiment;

FIG. 6 1s a view showing the structure of a metal oxide
film formation apparatus in the fourth embodiment of the
present 1nvention; and

FIG. 7 1s a sectional view showing part of a DRAM
memory cell.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present mmvention will be
described below with reference to the accompanying draw-
Ings.
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First Embodiment

The first embodiment of the present invention will be
described.

FIG. 1 shows an embodiment of a metal oxide film
formation apparatus for explaining a metal oxide film for-
mation method according to the present invention. This
metal oxide film formation apparatus comprises a film
formation chamber 101 which incorporates a substrate sus-
ceptor 102. This apparatus forms a film on a substrate 103
set on the substrate susceptor 102. The substrate susceptor
102 has a heating means 104 so as to heat the substrate 103
set on the substrate susceptor 102.

A shower head 1035 1s arranged at the upper portion of the
film formation chamber 101. The shower head 105 mcludes

a shower cubicle 106 for temporarily storing a source gas to
increase the gas pressure, and a shower cubicle 107 for
temporarily storing an oxidation gas made of oxygen and the
like to increase the gas pressure. In the shower cubicle 106
of the shower head 105, predetermined gases including a
source gas are mixed. The gas mixed 1n the shower cubicle
106 1s discharged to the film formation chamber 101 via

premix gas discharge ports 108. An oxidation gas introduced
into the shower cubicle 107 1s discharged to the film
formation chamber 101 via oxidation gas discharge ports
109 whose diameter 1s as small as 0.5 to 1 mm. A larger
amount of oxidation gas can be carried to the substrate 103.

The interior of the film formation chamber 101 1s evacu-
ated to a predetermined vacuum degree by a vacuum pump
111 via an exhaust port 110. A trap 112 and automatic
chamber pressure control (APC) 113 are interposed between
the exhaust port 110 and the vacuum pump 111.

The shower cubicle 106 receives a source gas via a source
cgas 1nlet portion 114, and an oxidation gas via a mixing
oxidation gas inlet portion 115. The shower cubicle 107
receives an oxidation gas via an oxidation gas inlet portion
116. Either of the oxidation gas introduced via the inlet
portion 115 and the oxidation gas introduced via the inlet
portion 116 1s one gas selected from the group consisting of
oxygen gas (0,), nitrogen dioxidation gas (NO,), dinitrogen
oxidation gas (N,O), and ozone gas (O5). These oxidation
gases are used similarly 1n the following embodiments.

The structure of the shower head 105 1s explained 1n more
detail. FIG. 2 shows an example of the shower head. The
shower head 105 1s constituted by three, upper plate 1054,
middle plate 105b, and lower plate 105¢. The shower cubicle
106 1s formed i1n the middle plate 105b constituting the
shower head 1035. The shower cubicle 107 1s formed 1n the
lower plate 105¢. The shower cubicle 106 formed in the
middle plate 105b 1s covered with the upper plate 1054a. The
shower cubicle 107 formed i1n the lower plate 105c¢ 1is
covered with the middle plate 105b.

Each premix gas discharge port 108 of the shower head
105 communicates with the shower cubicle 106 via a
communication hole 105d formed 1n the lower plate 105c.
The communication hole 1054 communicating with the
shower cubicle 106 1s 1solated from the shower cubicle 107.

In the shower head 105, O-rings 105¢ made of Kalrez are
interposed between the source gas inlet portion 114 and the
upper plate 1054, between the upper and middle plates 1054
and 105b, and between the middle and lower plates 1055 and
105¢ 1n order to prevent leakage of gases from the shower
cubicles 106 and 107. In the first embodiment, the O-ring
105¢ 1s made of Kalrez 1n order to resist corrosion and heat,
but 1s not limited to this. When the shower head 1035 1s not
used 1n a high-temperature environment, the O-ring 105¢
may be made of another corrosion-resistant elastomer such
as Vitom.
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The communication hole 105d 1s formed in the lower
plate 105¢ 1 addition to the shower cubicle 107. In the
presence of the communication hole 1054, an oxidation gas
in the shower cubicle 107 may leak from the boundary
between the lower and middle plates 105¢ and 105b to a
source gas flowing through the communication hole 105d.
To prevent leakage of the oxidation gas to the communica-
tion hole 105d, a heat-resistant shield such as an O-ring or
polyimide sheet 1s mterposed between the middle and lower
plates 105 and 105¢ at the formation portion of the com-
munication hole 105d. To prevent leakage of the oxidation
gas to the communication hole 1054, an 1nner tube may be
arranged from the shower cubicle 106 to the communication

hole 105d and premix gas discharge port 108.

The metal oxide film formation apparatus shown 1n FIG.
1 comprises a Ba source supply unit 117 containing Ba(thd),
as a Ba film formation material, a Ti source supply unit 118
containing Ti(O-1Pr),(thd), as a Ti film formation material,
and an Sr source supply unit 119 containing Sr(thd), as an
Sr film formation material. Liquid sources supplied from the
Ba, T1, and Sr source supply units 117, 118, and 119 are
mixed by a mixing means 120. The liquid source mixture
mixed by the mixing means 120 1s carried by a liquid supply
means 121 to a source gasitying means 123 via a supply tube
122. The liquid source mixture carried to the source gasify-
ing means 123 via the supply tube 122 1s gasified by the
source gasiiying means 123, and the source gas 1s introduced
into the source gas inlet portion 114.

As shown 1 FIG. 3, the source gasifying means 123 is
entirely heated by a heater 124, and a mesh 125 incorporated
in the source gasifying means 123 is also set 1n a high-
temperature state. In this high-temperature state, the liquid
source carried to the source gasifying means 123 1s dis-
charged from the distal end of the supply tube 122 extending
into the source gasifying means 123, and contacts the heated
mesh 125. As a result, the liquid source 1s heated by the mesh
125, and evaporates. The source gas gasified by the mesh
125 1s carried to the source gas inlet portion 114 together
with a carrier gas such as helium supplied from a carrier gas
inlet portion 126.

A cooling means 127 1s arranged at a portion of the source
gasifying means 123 1n contact with the supply tube 122 to
prevent a liquid source carried via the supply tube 122 from
being excessively heated. The cooling means 127 for cool-
ing part of the supply tube 122 has a coolant 1nlet and outlet
128 and 129. A coolant such as dry air 1s introduced from the
coolant inlet 128, and the coolant which has exchanged heat
at the cooling means 127 1s discharged from the coolant

outlet 129.

A gas path from the source gasitying means 123 to the
source gas inlet portion 114, the shower head 105, and the
f1lm formation chamber 101 are heated to, e.g., about 200 to
250° C., and controlled not to liquefy the internal gas.

In the first embodiment, a small amount of oxidation gas
can be infroduced from the mixing oxidation gas inlet
portion 115 to the shower cubicle 106 of the shower head
105, as described above. With the structure capable of
introducing a small amount of oxidation gas to the shower
cubicle 106, this oxidation gas and a source gas introduced
from the source gas inlet portion 114 are mixed 1nto a premix
gas 1n the shower cubicle 106, and the premix gas 1s supplied
to the substrate 103 via the premix gas discharge ports 108.
The premix gas supplied to the substrate 103 and a large
amount of oxidation gas discharged via the oxidation gas
discharge ports 109 are mixed on the substrate 103.

Mixing on the substrate 103 will be explained 1n more
detail. The Ba source supply unit 117 supplies the Ba source
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at 0.025 ml/min; the 11 source supply unit 118, T1 source at
0.33 ml/min; and the Sr source supply unit 119, Sr source at
0.025 ml/min.

The Ba, Ti, and Sr sources supplied from the respective
supply units are mixed by the mixing means 120, and the
source mixture 1s carried by the liquid supply means 121 to
the source gasifying means 123 via the supply tube 122. The
source gasitying means 123 gasifies the source mixture
carried via the supply tube 122 by heating it to 230° C. A
carrier gas 1s added to the gasified source mixture at a flow
rate of 200 sccm, and the resultant source gas mixture 1s
supplied to the shower cubicle 106 via the source gas inlet
portion 114.

An oxidation gas 1s supplied at a flow rate of 100 to 2,000
sccm from the mixing oxidation gas inlet portion 1135 to the
shower cubicle 106 which has received the source gas
mixture. The source gas mixture and a small amount of
oxidation gas are mixed into a premix gas in the shower

cubicle 106.

On the other hand, an oxidation gas 1s introduced at a flow
rate of 1,000 to 4,000 sccm from the oxidation gas inlet
portion 116 to the shower cubicle 107. This oxidation gas 1s
discharged to the film formation chamber 101 wvia the
oxidation gas discharge ports 109. Each oxidation gas dis-
charge port 109 for discharging an oxidation gas has a small
diameter of 0.5 to 1 mm.

In the first embodiment, an oxidation gas 1s mixed 1n a
source gas mixture in advance in the shower cubicle 106.
Since the premix gas supplied from the shower cubicle 106
contains the oxidation gas in addition to the source gas
mixture, intermediates which contribute to formation of a T1
f1lm are generated to a certain degree. However, the premix
gas contains only a small amount of oxidation gas, so
generation of unwanted products 1s suppressed.

A large amount of oxidation gas necessary to form a BST
f1lm 1s introduced from the oxidation gas discharge ports 109
to the film formation chamber 101 via the shower cubicle
107 arranged separately from the shower cubicle 106, as
described above. Since a large amount of oxidation gas 1s
introduced by a so-called postmix method, the oxidation gas
concentration on the surface of the substrate 103 can be
increased.

In forming a metal oxide film on the substrate 103, a
source gas mixture 1s supplied to the substrate 103 via the
shower cubicle 106 while a large amount of oxidation gas 1s
supplied to the substrate 103 via the shower cubicle 107.
Then, film formation starts without waiting for any incuba-
tion time, and a high-quality film can be formed. To stop gas
supply to the substrate 103, the source gas mixture 1is
stopped while the oxidation gas 1s kept supplied. This allows
forming a metal oxide film excellent in electrical
characteristics, 1.€., leakage characteristics.

As described above, according to the first embodiment,
cach source gas 1s supplied to the surface of the substrate
103 by the premix method of generating intermediates
which contribute to formation of an Sr film, to a certain
degree 1n advance, and a large amount of oxidation gas 1s
supplied by the postmix method. If the substrate 103 is
heated to 450° C. by the heating means 104, a high-quality
BST film can be formed with a composition with which a
desired permittivity can be obtained.

The first embodiment has exemplified formation of a BST
f1lm, but can be similarly applied to formation of a PZT film.

In forming a PZT {ilm, the apparatus having the structure
shown 1n FIGS. 1, 2, and 3 can be applied by using the Ba
source supply umt 117 as a Pb source supply unit for
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Pb(DPM), the Ti source supply unit 118 as a Ti source
supply unit for Ti(i-OC,H,),, and the Sr source supply unit
119 as a Zr source supply unit for Zr(DPM).

Second Embodiment

The second embodiment of the present invention will be
described with reference to FIG. 4.

FIG. 4 shows the basic structure of a metal oxide film
formation apparatus in the second embodiment. This metal
oxide film formation apparatus comprises a {ilm formation
chamber 401 which incorporates a substrate susceptor 402.
A substrate 403 1s set on the substrate susceptor 402, and
subjected to film formation. The substrate susceptor 402 has
a heating means 404 so as to heat the substrate 403 set on the
substrate susceptor 402.

A shower head 405 1s arranged at the upper portion of the
film formation chamber 401, and includes two shower
cubicles 406 and 407. Source gases mixed in the shower
cubicle 406 of the shower head 405 are discharged via gas
discharge ports 408 nto the film formation chamber 401
evacuated to a predetermined vacuum degree. A predeter-
mined source gas and an oxidation gas are introduced into
the shower cubicle 407 of the shower head 405, and a gas
mixture of the introduced source gas and oxidation gas 1s
discharged 1nto the film formation chamber 401 via oxida-
fion gas discharge ports 409 whose diameter 1s as small as
0.5 to 1 mm. As aresult, a larger amount of oxidation gas can
be carried together with the predetermined source gas to the
substrate 403 placed 1n the film formation chamber 401.

The interior of the film formation chamber 401 1s evacu-
ated by a vacuum pump 411 via an exhaust port 410. A trap
412 and automatic chamber pressure control (APC) 413 are
interposed between the exhaust port 410 and the vacuum
pump 411.

A predetermined gas 1s introduced into the shower cubicle
406 via a gas inlet portion 414, whereas a predetermined gas
1s 1ntroduced into the shower cubicle 407 via a gas inlet
portion 4135.

The metal oxide film formation apparatus according to the
second embodiment also comprises a Ba source supply unit
418 containing Ba(thd), as a Ba film formation material, a
Tisource supply unit 417 containing Ti(O-1Pr),(thd), as a Ti
f1lm formation material, and an Sr source supply unit 419
containing Sr(thd), as an Sr film formation material.

In the second embodiment, the Ba and Sr sources from the
Ba and Sr source supply units 418 and 419 are mixed by a
mixing means 420, and carried by a liquid supply means 421
to a gasitying means 423 via a supply tube 422. The Ti
source from the Ti source supply unit 417 1s singly carried
by a liqguid supply means 4214 to a gasifying means 423a via
a supply tube 422a. The source mixture carried via the
supply tube 422 is gasified by the gasifying means 423, and
introduced into the gas inlet portion 414. The 11 source
carried via the supply tube 4224 1s gasified by the gasifying
means 423a, and mtroduced into the gas inlet portion 4135.

An oxidation gas inlet portion 416 1s 1nterposed midway
along a path from the gasifying means 423a to the gas inlet
portion 415. The oxidation gas inlet portion 416 supplies an
oxidation gas to the gas inlet portion 4135.

Gas paths from the gasifying means 423 and 423a to the
gas 1nlet portions 414 and 416, the shower head 405, and the

f1lm formation chamber 401 are heated to, e.g., about 200 to
250° C., and controlled not to liquefy the internal gas.

In the second embodiment, a source gas as a mixture of
Ba and Sr sources 1s introduced into the shower cubicle 406,
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and the source gas mixture introduced into the shower
cubicle 406 1s supplied to the substrate 403 via the gas
discharge ports 408.

A gas mixture of T1 source gas and an oxidation gas 1s
introduced into the shower cubicle 407, and the gas mixture
introduced into the shower cubicle 407 1s supplied to the
substrate 403 via the oxidation gas discharge ports 409. The
Sr and Ba sources contact the oxidation gas on the substrate
403 for the first time. To the contrary, the Ti source has
already contacted the oxidation gas in the shower cubicle

407.

More speciiically, the Ba source supply unit 418 supplies
the Ba source at 0.025 ml/min; and the Sr source supply unit
419, Sr source at 0.025 ml/min. The supplied Ba and Sr
sources are mixed by the mixing means 420, and the source
mixture mixed by the mixing means 420 1s carried by the
liquid supply means 421 to the source gasifying means 423
via the supply tube 422. The source gasilying means 423
gasifies the source mixture carried by the liquid supply
means 421 by heating it to 230° C. A carrier gas is added to
the gasified source mixture at a flow rate of 200 sccm, and
the resultant source gas mixture 1s supplied to the shower
cubicle 406 via the source gas inlet portion 414.

Similarly, the Ti source supply unit 417 supplies the 11
source at 0.33 ml/min. This T1 source 1s singly carried by the
liquid supply means 421a to the gasifying means 423a via
the supply tube 422a. The gasifying means 423a gasiiies the
11 source carried by the liquid supply means 4214 by heating
it to 230° C. An oxidation gas is added to the source gas
obtained by the gasifying means 423a via the source gas
inlet portion 416 at a flow rate of 1,000 to 4,000 sccm, and
the resultant source gas mixture 1s supplied to the shower

cubicle 407.

The shower cubicle 406 which receives the source gas
mixture of barium and strontium discharges the supplied
source gas mixture at a flow rate of about 200 sccm to the
f1lm formation chamber 401 controlled to a pressure of about

1 Torr via the gas discharge ports 408 cach having a diameter
of 1.5 to 2.0 mm.

The shower cubicle 407 mixes the supplied T1 source gas
and oxidation gas, and supplies the gas mixture at a flow rate
of about 2,000 sccm via the oxidation gas discharge ports
409 ecach having a diameter of 1.0 to 2.0 mm 1into the film
formation chamber 401.

The source gas mixture of barium and strontium and the
cgas mixture of the Ti source gas and oxidation gas are
supplied to the heated substrate 403 in the film formation

chamber 401.

In the second embodiment, T1 source gas 1s mixed with an
oxidation gas 1n advance separately from barium and stron-
fium source gases. Since the oxidation gas exists in the Ti
source gas 1n advance, the 11 source gas 1s supplied to the
film formation chamber 401 while mtermediates which
contribute to T1 film formation of a BST film are generated
to a certain degree. In other words, barium and strontium
source gases are supplied while intermediates which con-
tribute to T1 film formation of a BST film are generated to
a certain degree on the substrate 403.

Since no Ba or Sr source gas 1s introduced mto the shower
cubicle 407, unwanted Ba or Sr products are hardly gener-
ated.

Also 1n the second embodiment, T1 source gas 1s supplied
from the shower cubicle 407 while intermediates which
contribute to formation of a 11 film are generated to a certain
degree on the surface of the substrate 403. In addition, a
necessary oxidation gas 1s sufficiently supplied. If the sub-
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strate 403 on the substrate susceptor 402 is heated to 450° C.
by the heating means 404, a high-quality BST film can be
formed on the substrate 403 with a composition with which
a desired permittivity can be obtained.

The second embodiment has exemplified formation of a

BST film, but can be similarly applied to formation of a PZT
f1lm.

In forming a PZT f{ilm, the apparatus having the structure
shown in FIG. 4 can be applied by using the Ba source
supply unit 418 as a Pb source supply unit for Pb(DPM), the
11 source supply unit 417 as a Ti source supply unit for
Ti(i-OC5;H-),, and the Sr source supply unit 419 as a Zr
source supply unit for Zr(DPM).

Third Embodiment

A BST film can also be formed as follows. The third
embodiment adopts a metal oxide film formation apparatus
as shown 1n FIG. 5. This metal oxide film formation appa-
ratus also comprises a film formation chamber 501 which
Incorporates a substrate susceptor 502. A substrate 503 1s set
on the substrate susceptor 502. The substrate susceptor 502
has a heating means 504 so as to heat the substrate 503 sect
on the substrate susceptor 502.

A shower head 505 1s arranged at the upper portion of the
film formation chamber 501, and includes two shower
cubicles 506 and 507. Source gases mixed 1n the shower
cubicle 506 are discharged via gas discharge ports 508 into
the film formation chamber 501 evacuated to a predeter-
mined vacuum degree. An oxidation gas 1s introduced into
the shower cubicle 507, and discharged 1nto the film forma-
fion chamber 501 via oxidation gas discharge ports 509
whose diameter 1s as small as 0.5 to 1 mm. With this

structure, a larger amount of oxidation gas can be carried to
the substrate 503.

Similar to the first and second embodiments, the interior
of the film formation chamber 501 is evacuated by a vacuum
pump 311 via an exhaust port 510. A trap 512 and automatic
chamber pressure control (APC) 513 are interposed between
the exhaust port 510 and the vacuum pump 511.

A source gas 1s introduced 1nto the shower cubicle 506 via
a gas 1nlet portion 514, whereas an oxidation gas 1s 1ntro-

duced 1nto the shower cubicle 507 via a gas inlet portion
515.

The third embodiment comprises a source supply unit 517
containing BaSr,(thd), and Ba,Sr(thd), as Ba and Sr film
formation materials, and a source supply unit 518 containing
Ti(thd), (O-1Pr), as a Ti film formation material.

In this metal oxide film formation apparatus, a BaSr
compound source 1s mixed with 11 source by a mixing
means 520, and carried by a hiquid supply means 521 to a
gasifying means 523 via a supply tube 522. The liquid
source mixture carried to the gasifying means 523 via the
supply tube 522 is gasified by the gasifying means 523, and
the gasified source mixture 1s introduced from the gas inlet
portion 514 to the shower cubicle 506. An oxidation gas 1s
supplied from the oxidation gas inlet portion 515, and singly
introduced into the shower cubicle 507.

A gas path from the gasifying means 523 to the gas inlet
portion 514, the shower head 505, and the film formation

chamber 501 are heated to, e.g., about 200 to 250° C., and
controlled not to liquefy the internal gas.

In the metal oxide film formation apparatus, a source gas
mixture of a BaSr compound source and 11 source supplied
to the shower cubicle 506 1s supplied to the substrate 503 via
the gas discharge ports 508. Further, an oxidation gas singly
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supplied to the shower cubicle 507 1s singly supplied to the
substrate 503 via the oxidation gas discharge ports 509.

As described above, 1in the metal oxide film formation
apparatus, Sr in the form of a compound with Ba 1s supplied
to the substrate 503, and the oxidation gas and source gas
contact each other on the substrate 503 for the first time.

More specifically, the source supply unit 517 supplies the
BaSr compound source at 0.05 ml/min; and the source
supply unit 518, 11 source at 0.33 ml/min. The BaSr com-
pound source from the source supply unit 517 and the 11
source from the source supply unit 518 are mixed by the
mixing means 520, and the source mixture 1s carried by the
liquid supply means 521 to the source gasitying means 523.
The source gasitying means 523 gasifies the carried source
mixture by heating it to 230 to 250° C. A carrier gas is added
to the gasified source mixture at a flow rate of 200 sccm, and
the resultant source gas mixture 1s supplied to the shower
cubicle 506 via the source gas inlet portion 514.

An oxidation gas 1s introduced via the oxidation gas inlet
portion 515 at a flow rate of 1,000 to 4,000 sccm, and
supplied to the shower cubicle 507.

The source gas mixture of the BaSr compound source gas
and T1 source gas supplied to the shower cubicle 506 1s
discharged at a flow rate of about 2,000 sccm to the film
formation chamber 501 controlled to a pressure of about 1.0

Torr via the gas discharge ports 508 each having a diameter
of 1.5 to 2.0 mm.

The oxidation gas supplied to the shower cubicle 507 1s
discharged at a tlow rate of 1,000 to 4,000 sccm to the film
formation chamber 501 via the oxidation gas discharge ports
509 each having a diameter of 0.5 to 1.0 mm.

The source gas mixture of the BaSr compound source gas
and 11 source gas, and the oxidation gas are supplied to the
heated substrate 503 1n the film formation chamber S01.

Since the BaSr compound source 1s used, as described
above, Sr bonding to Ba 1s supplied to the substrate 503.
When a Ba film 1s formed, an Sr film 1s almost simulta-
neously formed.

By singly supplying an oxidation gas to the shower
cubicle 507, a necessary oxidation gas 1s sufficiently sup-
plied to the surface of the substrate 503. If the substrate 503
on the substrate susceptor 502 is heated to 450° C. by the
heating means 504, a high-quality BST film can be formed
on the substrate 503 with a composition with which a desired
permittivity can be obtained.

The third embodiment has exemplified formation of a

BST film, but can be similarly applied to formation of a PZT
f1lm.

In forming a PZT {ilm, the apparatus having the structure
shown 1 FIG. 5 can be applied by using the source supply
unit 517 as a source supply unit for Pb(DPM),:
(Bisdipivaloylmethanatolead: Pb(C,;H,,0,),) and Zr(t-
OC,H,),: tetratertialbutoxyzirconium, and the Ti source
supply unit 518 as a Ti source supply unit for Ti(i-OC5H,)..

Fourth Embodiment

The fourth embodiment according to the present invention
will be described.

FIG. 6 shows the basic structure of a metal oxide film
formation apparatus in the fourth embodiment. This metal
oxide film formation apparatus also comprises a film for-
mation chamber 601 which mcorporates a substrate suscep-
tor 602. This metal oxide film formation apparatus forms a
f1lm on a substrate 603 set on the substrate susceptor 602.
The substrate susceptor 602 has a heating means 604 so as
to heat the substrate 603 set on the substrate susceptor 602.
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A shower head 6035 1s arranged at the upper portion of the
film formation chamber 601, and includes two shower
cubicles 606 and 607. A source gas introduced into the
shower cubicle 606 1s discharged via gas discharge ports 608
into the film formation chamber 601 evacuated to a prede-
termined vacuum degree. An oxidation gas 1s introduced
together with a source gas into the shower cubicle 607, and
discharged into the film formation chamber 601 via gas
discharge ports 609 whose diameter 1s as small as 1.0 to 2.0
mm. By using the gas discharge ports 609 cach having a
small diameter of 1.0 to 2.0 mm, a larger amount of
oxidation gas can be carried to the substrate 603.

Similar to the first and second embodiments, the interior
of the film formation chamber 601 1s evacuated by a vacuum
pump 611 via an exhaust port 610. A trap 612 and automatic
chamber pressure control (APC) 613 are interposed between
the exhaust port 610 and the vacuum pump 611.

A predetermined source gas 1s introduced 1nto the shower
cubicle 606 via a gas inlet portion 614, whereas a predeter-
mined source gas 1s introduced 1nto the shower cubicle 607
via a gas 1nlet portion 6135.

The fourth embodiment comprises a source supply unit
617 containing BaSr,(DPM), and Ba,Sr(DPM), as Ba and
Sr film formation materials, and a source supply unit 618
containing Ti(O-iPr),(DPM), as a Ti film formation mate-
rial. Note that the Ti film formation material may be TiO
(DPM).,.

In the fourth embodiment, a BaSr compound source from
the source supply unit 617 1s carried by a liquid supply
means 621 to a gasifying means 623 via a supply tube 622.
The liquid compound source carried via the supply tube 622
1s gasified by the gasifying means 623. The gasified com-
pound source 1s introduced into the shower cubicle 607 via
the gas inlet portion 615 together with an oxidation gas
introduced via an oxidation gas inlet portion 616.

On the other hand, T1 source from the source supply unit
618 is carried by a liquid supply means 621a to a gasifying
means 623a via a supply tube 622a. The 11 source carried to
the gasitying means 623a 1s gasified by the gasifying means
623a, and singly introduced 1nto the shower cubicle 606 via
the gas inlet portion 614.

Gas paths from the gasifying means 623 and 623« to the
gas 1nlet portions 614 and 615, the shower head 605, and the
f1lm formation chamber 601 are heated to, ¢.g., about 200 to
250° C., and controlled not to liquefy the internal gas.

In the fourth embodiment, a gas mixture prepared by the
BaSr compound source gas and oxidation gas supplied to the
shower cubicle 607 1s supplied to the substrate 603 via the
gas discharge ports 609. The single Ti source gas supplied to
the shower cubicle 606 1s supplied to the substrate 603 via
the gas discharge ports 608.

As described above, 1n the fourth embodiment, Sr which
1s 1n the form of a compound with Ba and 1s mixed with an
oxidation gas in advance (premix) is supplied to the sub-
strate 603. T1 source gas 1s singly supplied, and contacts

another source gas and oxidation gas on the substrate 603 for
the first time (postmix).

More speciiically, the source supply unit 617 supplies the
BaSr compound source at 0.05 ml/min. The source from the
source supply unit 617 is carried by the liquid supply means
621 to the gasifying means 623. The gasifying means 623
gasiiies the source carried by the liquid supply means 621 by
heating it to 230 to 250° C. A carrier gas i1s added to the
gasified gas at a flow rate of 200 sccm, and the resultant gas
mixture 1s supplied to the shower cubicle 607 via the gas
inlet portion 615. At this time, an oxidation gas introduced
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via the oxidation gas inlet portion 616 1s also supplied to the
shower cubicle 607.

The source supply unit 618 supplies the T1 source at 0.33
ml/min. The Ti1 source from the source supply unit 618 is
carried by the liquid supply means 621a to the gasifying
means 623a. The source gasifying means 623a gasifies the
11 source carried by the liquid supply means 621a by heating
it to 230 to 250° C. A carrier gas 1s added to the obtained gas
at a flow rate of 200 sccm, and the resultant source gas
mixture 1s supplied to the shower cubicle 606 via the source
gas 1nlet portion 614.

The gas mixture of the Ti source gas and oxidation gas
mtroduced imto the shower cubicle 606 1s discharged at a
flow rate of abut 2,000 sccm to the film formation chamber
601 controlled to a pressure of about 1.0 Torr via the gas
discharge ports 608 cach having a diameter of 1.0 to 2.0 mm.

The BaSr compound source gas supplied to the shower
cubicle 607 1s discharged at a flow rate of about 200 sccm
to the film formation chamber 601 via the gas discharge
ports 609 each having a diameter of 1.5 to 2.0 mm.

The gas mixture of the T1 source gas and oxidation gas,

and BaSr compound source gas are supplied to the heated
substrate 603 1n the film formation chamber 601.

As described above, 1n the fourth embodiment, 11 source
gas which readily produces unwanted mtermediates when
the Ti source gas contacts an oxidation gas 1s singly supplied
to the film formation chamber, and contacts an oxidation gas
and another source gas on the substrate for the first time.
This suppresses generation of unwanted products in the
shower head and at each discharge port.

In forming a BST film by CVD using the above-described
organic metal compounds as raw materials, T1 must be
supplied excessively, compared to Ba and Sr. According to
the fourth embodiment, Ti source gas i1s supplied without
being mixed with an oxidation gas 1in advance, so that a large
amount of T1 source gas can be supplied.

If the substrate 603 on the substrate susceptor 602 1s
heated to 450° C. by the heating means 604 shown in FIG.
6, a high-quality BST film can be formed on the substrate
603 with a composition with which a desired permittivity
can be obtained.

As described above, the metal oxide film formation
method and apparatus according to the present ivention
cause a source gas mixture and oxidation gas to contact each
other on a substrate for the first time, and can form a
higher-quality metal oxide film than a conventional metal
oxide film.

The fourth embodiment has exemplified formation of a

BST film, but can be similarly applied to formation of a PZT
film.

In forming a PZT film, the apparatus having the structure
shown 1n FIG. 6 can be applied by using the source supply
unit 617 as a source supply unit for a PbZr compound such
as Pb(DPM)2: (Bisdipivaloylmethanatolead: Pb(C,;H,,0,)
,) and Zr(t-OC_ H,),: tetratertialbutoxyzirconium, and the Ti
source supply unit 618 as a Ti source supply unit for
Ti(1-OC, H.,)..

What 1s claimed 1s:

1. A metal oxide film formation apparatus comprising:

a film formation chamber constituting a closed vessel;

evacuation means for evacuating an interior of said film
formation chamber to a vacuum degree;

a substrate susceptor arranged in said film formation
chamber to place a substrate on a surface of which a
metal oxide film 1s to be formed,;
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heating means for heating the substrate set on said sub-
strate susceptor;

first supply means for supplying a source gas mixture
essentially consisting of organic compound gases con-
taimning at least three metals to the surface of the
substrate set on said substrate susceptor; and

second supply means for supplying an oxidation gas to the
surface of the substrate set on said substrate susceptor,

wherein said first and second supply means comprise a
shower head arranged above said substrate susceptor,
and said shower head comprises:

a first shower cubicle for temporarily storing a gas
supplied by said first supply means;

a second shower cubicle for temporarily storing a gas
supplied by said second supply means;

a plurality of first gas discharge ports communicating,
with said first shower cubicle; and

a plurality of second gas discharge ports communicat-
ing with said second shower cubicle.

2. An apparatus according to claim 1, wherein

saild shower head comprises an upper plate, a middle
plate, and a lower plate,

one of said first shower cubicle and said second shower
cubicle 1s disposed between said upper plate and said
middle plate, and

the other of said first shower cubicle and said second
shower cubicle 1s disposed between said middle plate
and said lower plate.

3. An apparatus according to claim 1, further comprising
leakage prevention means for preventing leakage of a gas 1n
said first shower cubicle and a gas in said second shower
cubicle.

4. An apparatus according to claim 2, further comprising,
leakage prevention means, arranged between the middle and
lower plates, for preventing leakage of a gas in said first
shower cubicle and a gas 1n said second shower cubicle.

5. An apparatus according to claim 4, wherein said
leakage prevention means comprises a heat-resistant sheet.

6. A metal oxide film formation apparatus comprising:

a film formation chamber constituting a closed vessel;

evacuation means for evacuating an interior of said film
formation chamber to a vacuum degree;

a substrate susceptor arranged i1n said film formation
chamber to place a substrate on a surface of which a
metal oxide film 1s to be formed,;

heating means for heating the substrate set on said sub-
strate susceptor;

first supply means for supplying a source gas mixture
essentially consisting of organic compound gases con-
taining at least three metals to the surface of the
substrate set on said substrate susceptor; and

second supply means for supplying an oxidation gas to the
surface of the substrate set on said substrate susceptor,
wherein

said first supply means comprises gasifying means for
gasifying an organic compound liquid by heating,
thereby generating the source gas mixture, and

sald gasifying means comprises a cooling mechanism at
an 1nlet portion for the organic compound liquid.
7. An apparatus according to claim 2, wherein

said first shower cubicle 1s disposed between said upper
plate and said middle plate, and

said second shower cubicle 1s disposed between said
middle plate and said lower plate.
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8. An apparatus according to claim 7, wherein said first
gas discharge ports communicate with said first shower
cubicle through communication holes passing through said
lower plate and said middle plate.

9. A metal oxide film formation method comprising the
steps of:

providing a film formation chamber constituting a closed
vessel;

evacuating an interior of said film formation chamber to
a vacuum degree;

placing a substrate on a surface of which a metal oxide
film 1s to be formed on a substrate susceptor arranged
in said film formation chamber;

heating the substrate set on said substrate susceptor;

providing a source gas mixture essentially consisting of
organic compound gases containing at least three met-
als;

mixing an oxidation gas in the source gas mixture in
advance and supplying the source gas mixture to the
surface of the substrate set on said substrate susceptor
through a first gas discharge port; and

supplying the oxidation gas to the surface of the substrate
set on said substrate susceptor through a second gas
discharge port.
10. A method according to claim 9, further comprising the
steps of:

supplying the source gas mixture and the oxidation gas to
the substrate for a time; and

stopping supply of the source gas mixture, and then

stopping supply of the oxidation gas.

11. A method according to claim 9, wherein the metals
include barium, strontium, and titanium.

12. A method according to claim 9, wherein the metals
mnclude lead, zirconium, and titanium.

13. A method according to claim 9, wherein the source gas
mixture 1s prepared by mixing organic compound gases of
the metals.

14. A method according to claim 9, wherein the source gas
mixture 1s a mixture of an organic compound gas containing
two metals as constituent elements and an organic titanium
compound gas.

15. A method according to claim 9, wherein the oxidation
gas 1s one gas selected from the group consisting of oxygen
gas (O,), nitrogen dioxidation gas (NO,), dinitrogen oxida-
tion gas (N,O), and ozone gas (O;).

16. A metal oxide film formation method comprising the
steps of:

providing a {ilm formation chamber constituting a closed
vessel;

evacuating an interior of said film formation chamber to
a vacuum degree;

placing a substrate on a surface of which a metal oxide
f1lm 1s to be formed on a substrate susceptor arranged
in said film formation chamber;

providing a shower head arranged above said substrate
susceptor, said shower head comprising a first shower
cubicle, a second shower cubicle, a plurality of first gas
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discharge ports communicating with said first shower
cubicle, and a plurality of second gas discharge ports
communicating with said second shower cubicle;

heating the substrate set on said substrate susceptor;

temporarily storing a source gas mixture essentially con-
sisting of organic compound gases containing at least
three metals 1n the first shower cubicle;

supplying the source gas mixture to the surface of the
substrate set on said substrate susceptor through the
first gas discharge ports;

temporarily storing an oxidation gas in the second shower
cubicle; and

supplying the oxidation gas to the surface of the substrate
set on said substrate susceptor through the second gas
discharge ports.
17. A method according to claam 16, further comprising
the steps of:

supplying the source gas mixture and the oxidation gas to
the substrate for a time; and

stopping supply of the source gas mixture, and then

stopping supply of the oxidation gas.

18. A method according to claim 16, wherein the metals
include barum, strontium, and titanium.

19. A method according to claim 16, wherein the metals
include lead, zirconium, and titanium.

20. A method according to claim 16, wherein the source
gas mixture 1s prepared by mixing organic compound gases
of the metals.

21. A method according to claim 16, wherein the source
gas mixture 1s a mixture of an organic compound gas
containing two metals as constituent elements and an
organic titanium compound gas.

22. A method according to claim 16, wherein the oxida-
fion gas 1s one gas selected from the group consisting of
oxygen gas (0,), nitrogen dioxidation gas (NO,), dinitrogen
oxidation gas (N,O), and ozone gas (O5).

23. A metal oxade film formation method comprising the
steps of:

individually preparing a first source gas mixture essen-
tially consisting of organic compound gases containing
at least two metals, and a second source gas mixture
obtained by mixing 1n advance an organic compound
gas containing titanium and an oxidation gas;

supplying the oxidation gas to a substrate set 1n a closed
vessel at a pressure, and then supplying the first source
gas mixture and the second source gas mixture from
separate gas discharge ports while the substrate is
heated; and

forming a metal oxide film on the substrate.

24. A method according to claim 23, wherein the first
source gas mixture mcludes a mixture of an organic barium
compound gas and an organic strontium compound gas.

25. A method according to claim 23, wherein the first
source gas mixture includes a mixture of an organic lead
compound gas and an organic zirconium compound gas.
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